Docket No. 1349.1207 

TITLE OF THE INVENTION 

APPARATUS AND METHOD OF CONTROLLING A STEPPER MOTOR 

CROSS REFERENCE TO RELATED APPLICATION 

[0001] This application claims the benefit of Korean Application No. 2002-49316, 
filed August 20, 2002, in the Korean Intellectual Property Office, the disclosure of 
which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0002] The present invention relates to an apparatus and method of controlling a 
stepper motor, and more particularly, to an apparatus and method to variably control 
a driving current applied to the stepper motor according to a torque operated on the 
stepper motor. 

Description of the Related Art 

[0003] A stepper motor rotates by a fixed angle in every changed state of excitation 
in each phase of the motor by clock pulse signals, and suspends at a fixed angle if 
the state of excitation does not change. The stepper motor rotates by the fixed 
angle or by a fixed step according to inputted pulse signals. 

[0004] FIG. 1 is a schematic block diagram illustrating a conventional apparatus to 
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control a stepper motor. 

[0005] As shown in FIG. 1 , a controller 100 outputs to a driver 110 driving pulse 
signals for each phase to drive a stepper motor 120. The controller 100 also outputs 
to the driver 110 a control signal that applies a predetermined driving current 
according to a preset driving current setting value Vref to the stepper motor 120. 

[0006] The driving current applied to the stepper motor 120 is usually determined 
with a predetermined additional current so as to prevent a rotor of the stepper motor 
120 from stepping out. When the rotor of the stepper motor 120 starts rotating from 
a suspended state, it requires greater torque than is required to maintain its rotation 
after the stopper motor 120 has been running. Taking this into consideration, the 
driving current setting value Vref is set to be greater than required to start the rotor 
from the suspended state. Thus, the driving current applied to the stepper motor 
120 is usually more than actually required to drive the stepper motor 120. 

[0007] The driver 110 drives the stepper motor 120 with the predetermined driving 
current according to the control signal outputted from the controller 100. 

[0008] As the conventional apparatus to control the stepper motor 120 is 
configured so that the predetermined additional current for a magnitude of a rotary 
torque is applied to prevent the rotor of the stepper motor from stepping out, the rotor 
reaches a target position with repeated overshoot and settling in every step. 
Therefore, the conventional apparatus incurs problems of vibration, noise and 



2 



Docket No. 1349.1207 



resonance due to the additional driving current for an extra torque of the rotor, and 
also incurs problems of inaccurate operations of an overheated control IC (controller) 
and the stepper motor. 

SUMMARY OF THE INVENTION 

[0009] Accordingly, it is an aspect of the present invention to provide an apparatus 
and method of controlling a stepper motor to prevent overheating of a control IC and 
the stepper motor, and to offer driving characteristics with low power consumption, 
low vibration and low noise. 

[0010] Additional aspects and advantages of the invention will be set forth in part in 
the description which follows and, in part, will be obvious from the description, or may 
be learned by practice of the invention. 

[0011] The foregoing and/or other aspects of the present invention are achieved by 
providing an apparatus to control a stepper motor including a torque calculator to 
calculate torque applied to the stepper motor and to output a driving current setting 
signal corresponding to the calculated torque. The apparatus also includes a 
controller to output a control signal to apply variable driving current which is based on 
the driving current setting signal, to the stepper motor, and a driver to drive the 
stepper motor based on the control signal inputted from the controller. 

[0012] According to an aspect of the invention, the apparatus includes a current 
detector to detect driving current flowing into the stepper motor and to output the 
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detected driving current to the torque calculator. 

[0013] According to an aspect of the invention, the torque calculator includes an 
AID converter to convert the inputted driving current into digital signals, a CPU 
(Central Processing Unit) to calculate the torque using information on the A/D 
converted driving current and to read driving current setting information 
corresponding to the calculated torque information, and a D/A converter to convert 
the read driving current setting information into analog signals. 

[0014] According to an aspect of the invention, the apparatus includes a storage 
unit to store the driving current setting information corresponding to the calculated 
torque information therein. 

[0015] According to another aspect of the invention, the storage unit stores the 
calculated torque information and the corresponding driving current setting 
information therein, causing the torque to be proportional to the driving current. 

[0016] The foregoing and/or other aspects of the present invention are achieved by 
providing a method of controlling a stepper motor including outputting a signal 
corresponding to torque applied to the stepper motor, outputting a driving control 
signal to apply variable driving current to the stepper motor based on a driving 
current setting signal, and driving the stepper motor based on the driving control 
signal. 

[0017] According to an aspect of the invention, the outputting the signal 
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corresponding to the torque applied to the stepper motor includes detecting driving 
current flowing in each excited phase of the stepper motor; A/D converting driving 
current detected in each excited phase, calculating the torque based on information 
on the driving current, reading driving current setting information corresponding to the 
calculated torque information, and D/A converting the driving current setting 
information and outputting the D/A converted information. 

[0018] According to an aspect of the invention, the driving current setting signal 
causes the driving current to be applied to the stepper motor in proportion to the 
torque applied to the stepper motor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a schematic block diagram illustrating a conventional apparatus to 
control a stepper motor; 

[0020] FIG. 2 is a schematic block diagram illustrating an apparatus to control a 
stepper motor, according to an embodiment of the present invention; 

[0021] FIG. 3 is a detailed block diagram illustrating a torque calculator of FIG. 2; 
and 

[0022] FIG. 4 is a flowchart illustrating operations of the apparatus to control the 
stepper motor of FIG. 2. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
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[0023] Reference will now be made in detail to the present preferred embodiments 
of the present invention, examples of which are illustrated in the accompanying 
drawings, wherein like reference numerals refer to like elements throughout. 

[0024] FIG. 2 is a schematic block diagram illustrating an apparatus to control a 
stepper motor, according to an embodiment of the present invention. As shown in 
FIG. 2, the apparatus to control the stepper motor includes a controller 200, a driver 
210, a current detector 230 and a torque calculator 240. 

[0025] The controller 200 outputs a control signal to.apply variable driving current 
to a stepper motor 220. The variable driving current varies according to a variation 
of an input driving current setting signal Vref. 

[0026] The driver 21 0 applies the variable driving current to the stepper motor 220 
according to the control signal inputted from the controller 200, thereby driving the 
stepper motor 220. The current detector 230 detects a current flowing into the 
stepper motor 220 and outputs the detected current to a torque calculator 240. 

[0027] The torque calculator 240 outputs a predetermined driving current setting 
signal to the controller 200 upon initial power supply. The torque calculator 240 A/D 
converts the current inputted from the current detector 230, and calculates a torque 
applied to the stepper motor 220 based on the current inputted from the current 
detector 230. Furthermore, the torque calculator 240 reads driving current setting 
information which corresponds to the calculated torque and outputs a D/A converted 
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driving current setting signal to the controller 200. 

[0028] FIG. 3 is a detailed block diagram illustrating a torque calculator of FIG. 2. 
As shown in FIG. 3, the torque calculator 240 includes an A/D converter 242, a CPU 
244, a storage unit 246, and a D/A converter 248. The A/D converter 242 converts 
current input from the current detector 230 in each excited phase of the stepper 
motor 220 into digital signals, and outputs the converted signals to the CPU 244. 

[0029] The CPU 244 calculates a magnitude of the torque applied to the stepper 
motor 220 using information on an amount of current in each excited phase of the 
stepper motor 220. The information is inputted from the A/D converter 242. Since 
the method of calculating the torque based on the current is widely known, it is not 
illustrated in detail herein. Nonetheless, the CPU 244 reads the driving current 
setting information corresponding to the calculated torque information from the 
storage unit 246, and outputs the read information to the D/A converter 248. 

[0030] The D/A converter 248 outputs to the controller 200 the driving current 
setting signal (i.e., the D/A converter 248 outputs an analog signal converted from the 
driving current setting information outputted from the CPU 244). The storage unit 
246 stores the driving current setting information corresponding to the calculated 
torque information. 

[0031] Table 1 shows an example of the driving current setting information 
corresponding to the torque information stored in the storage unit 246. 
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TABLE 1. 



TORQUE INFORMATION 


DRIVING CURRENT SETTING 
INFORMATION 


1.50 


3.0 


1.81 


3.5 


2.10 


4.0 


2.33 


4.5 



[0032] As shown in Table 1 , the torque information and the driving current setting 
information are proportional to each other. Accordingly, the torque calculator 240 
outputs to the controller 200 the driving current setting signal which is proportional to 
the magnitude of the torque applied to the stepper motor 220. 

[0033] As a result, by applying the variable driving current to the stepper motor 
220, a torque margin of the stepper motor 220 stays constant. 

[0034] Hereinbelow, a method of controlling the stepper motor of the present 
invention will be explained with reference to FIG. 4. 

[0035] The current detector 230 detects current flowing in each excited phase of 
the stepper motor 220 and outputs the detected current to the torque calculator 240 
(operation S400). 
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[0036] The A/D converter 242 of the torque calculator 240 converts the current in 
each excited phase into digital signals and outputs the converted signal to the CPU 
244 of the torque calculator 240 (operation S410). 

[0037] The CPU 244 calculates the magnitude of the torque applied to the stepper 
motor 220 based on excitation current information in each excited phase inputted 
from the A/D converter 242 (operation S420). Then the CPU 244 reads driving 
current setting information Vref (or reference voltage) corresponding to calculated 
torque information from the storage unit 246, and outputs the read information to the 
D/A converter 248 of the torque calculator 240 (operation S430). 

[0038] The D/A converter 248 outputs to the controller 200 the driving current 
setting signal (i.e., outputs the analog signal converted from the driving current 
setting information inputted from the CPU 244 (operation S440)). 

[0039] The controller 200 outputs a control signal to the driver 210 to apply to the 
stepper motor 220 the variable driving current based on the driving current setting 
signal inputted from the D/A converter 248. Then the driver 210 drives the stepper 
motor 220 with the variable driving current based on the control signal of the 
controller 200 (S450). 

[0040] The apparatus and method of controlling a stepper motor in accordance 
with the present invention prevents overheating and inaccurate operations of the 
control IC (controller) and the stepper motor, and improves driving characteristics 
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such as low power consumption, low vibration and low noise of the stepper motor. 

[0041] Although a few preferred embodiments of the present invention have been 
shown and described, it would be appreciated by those skilled in the art that changes 
may be made in these embodiments without departing from the principles and spirit 
of the invention, the scope of which is defined in the claims and their equivalents. 
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